Introduction
Smooth muscle cells form the major part of the walls of many organs such as blood vessels and intestines.
In spite of their importance, they had long been poorly understood comparing with striated muscle cells. As Somlyo and Somlyo described in their review article (Somlyo and Somlyo, 1994) , recently the mechanisms regulating smooth muscle were recognized in details.
In smooth muscle, the rise in intracellular free Ca2+ initiates contraction as in striated muscle. The secondary mechanisms of regulation independent of intracellular free Ca2+ were also discovered. In addition to these regulation mechanisms of phosphorylation and dephos phorylation, contractile regulation by thin-filament-associated proteins such as caldesmon and calponin has been studied, but remains to be conclusively proved.
Various preparations are used for studying the mechanism of smooth muscle contraction.
Among them, single cells and cultured cells are useful because of their simplicity compared with tissue or organ. However, distinct difference is observed between the two. Fresh single smooth muscle cells keep contractility (Momose and Gomi, 1978) , but cultured smooth muscle cells lose the ability (Campbell and Campbell, 1985) . Comparing contractility of cultured smooth muscle cells from longitudinal ileum of guinea pig with the single cells, we observed that the former losed the contractility (Unpublished data) although the latter showed the ability (Fang et al., 1993) . The difference is noteworthy, because contractility is the most important characteristic of smooth muscle cells. Loss of this ability means that any serious changes occur in calcium response or/and proteins concerning with smooth muscle contraction.
In regard to contractile proteins, isoforms of actin, myosin heavy chain and tropomyosin were observed in cultured smooth muscle cells or in developing smooth muscle Rovner et al., 1986 ; Kawamoto and Adelstein, 1987 ; Aikawa et al., 1993 ; Hosoya et al., 1989 Single SMCs were prepared by the method of Maruyama et al. (Maruyama et al., 1988) with a slight modification. The procedure was as follows : strips of ileal longitudinal muscle were suspended in normal Tyrode (pH 7.4) solution composed of 137 mM NaCl, 2.7 mM KCl, 1.
"Ca -free" Tyrode solution had the same composition as normal Tyrode solution except that CaCl2 was omitted. Then, the strips were minced and incubated with collagenase (0.5 mg/ml) rinsed with "Ca-free" Tyrode solution containing 1% BSA followed by washing twice in "Cafree" Tyrode solution.
The cells were dispersed in solution and separated from the mince by of the preparation was usually about 75%. As shown in Fig. 1 -A, they were spindle-shaped Cultured cells were obtained from guinea pig longitudinal ileum as descrived previously (Ohata et al., 1993) . The longitudinal muscle segments were cut out into small pieces after keeping in Tyrode solution as shown in "Isolation of single SMCs" . Small explants were cultured in minimum essential medium (MEM) containing 20% fetal calf serum (FCS) on petri
After 24 hr, the culture medium was replaced with MEM containing 10% FCS and the medium was changed every 3 days until the cells were grown confluently. The confluent cells of primary culture were subjected to the experiments. In Fig. 1 -B, cultured cells on a petri dish are shown. The cultures usually consisted of cobble-stoned cells and spindle-shaped cells.
Various ratio of the former to the latter was observed in each culture.
Dye exclusion test for cell viability
Cell viability was estimated according to the method described by Phillips (Phillips, 1973) with a minor modification. Trypan blue solution of 0.1% was used instead of the solution of 0.4%.
Measurement of
Cellular Ca2+ ion was measured as described previously (Ohata et al. 1995 (Himpens and Somlyo, 1988) . Therefore, application of CCh to single and cultured SMCs was carried out, and examined how the change in [Ca2+] i occurred. As shown in Fig. 2 , CCh induced a rise in [Ca2+] i both in single and in cultured cells. In single cells ( Fig. 2A) , maximal intensity of fluo-3 fluorescence was observed within 20 seconds. In cultured cells (Fig. 2B) , the maximal intensity was obser ved more rapidly than in single cells. Smooth muscle cells were treated with 1% SDS and heated for 3 min in a boiling water bath. Proteins in each cell extract were separated by 10% SDS-PAGE. The amount of protein loaded is shown in each parenthesis.
was different from that of both mince and single cells, that is, more kinds of proteins were expressed in cultured cells than in single cells and tissue. Again, several relatively major bands showed somewhat different motility on the gel. We focused on three bands on the gel, which were remarkable from their abundance and common to tissue, single and cultured cells.
They were expected to be myosin heavy chain, actin and tropomyosin from their molecular weight comparing with molecular weight markers on the gel. Each of them were identified by Western blotting. Of the three proteins, tropomyosin showed a change on the gel.
Tropomyosin of SMC from guinea pig longitudinal ileum was shown to be consist of two monomers with MW of 39 kDa and 41 kDa respectively. From the result shown in Fig. 3 , monomer with MW of 41 kDa disappeared in cultured cells. It remains unknown whether the monomer changed the another monomer (39 kDa) or a monomer different from the both. In regard to myosin heavy chain and actin, they appeared to be unchanged on 10% SDS-PAGE.
Analysis of myosin heavy chain isoforms
As shown in Fig. 4 , a little differences in myosin heavy chain were observed between single and cultured cells by 4% SDS-PAGE. It appeared that single SMC contained myosin heavy chain isoforms with 200 kDa and higher MW, and that cultured SMC contained a myosin isoform with MW lower than 200 kDa. These isoforms were considered to be SM2, SM1 and nonmuscle cell type myosin isoform respectively found in vascular SMCs (Rovner et al., 1986) .
In order to distinguish myosin isoforms observed in Fig. 4 , immunoblot analysis was carried out. As shown in Fig. 5 , only the myosin heavy chain in cultured cells reacted with the antibody to nonmuscle cell type myosin heavy chain. From this result, it is suggested that the myosin heavy chain found in cultured SMCs is nonmuscle cell type .
Analysis of actin isoforms
Immunofluorescent staining of SMCs with antibodies to myosin heavy chain , actin and tropomyosin As shown above (Fig. 3, 4 , 5 and 6), we detected some differences in these three proteins between single and cultured cells. In order to ascertain these results, immunofluorescent staining of SMCs was carried out. The results are shown in Fig. 7 and Fig. 8 . 
Discussion
It is generally accepted that cytosolic free calcium ion is the primary regulation of contraction both in smooth muscle and in striated muscle. Therefore, loss of contractility reminded us of loss of calcium response first of all. However, it appeared that both single and cultured SMC responded to CCh and resulted in a rise in cytosolic free calcium ion (Fig. 2) . It was possible that the result was apparent and the detailed regulation in calcium response changed. It remained unresolved whether such a change occurred or not.
More kinds of proteins were observed in cultured cells than in single cells (Fig. 3) . It is considered that the difference is partly derived from that of protease treatment in preparing single cells and cultured cells, and partly from the fact that more kinds of isoforms are present in cultured cells than in single cells.
Tropomyosin is regarded as a regulator in striated cells, but the role of tropomyosin is less well understood in smooth muscle cells. We think that tropomyosin plays an important role in SMC contraction, because it is a major component of thin-filament, and regulation by thin filament-associated proteins has been extensively studied. Furthermore, the result shown above suggests that the change in tropomyosin concurred with that in contractility. Actin isoforms were observed both in muscle type and nonmuscle type tissue, and were considered to display varied function (Fatigati and Murphy, 1984) . However, the significance Fig. 7 . Myosin heavy chain isoform distribution in single smooth muscle cells (A, B and C) and in cultured smooth muscle cells (D, E and F) from guinea pig longitudinal ileum. After immunofluorescent staining for myosin heavy chain isoforms using each antibody, which reacted with SM1 and SM2 (A and D), with non-muscle myosin heavy chain (B and E) or with SM1, SM2 and non-muscle myosin heavy chain (C and F), the stained cells were observed as described in the text.
on cell morphology and biochemical characterics should be needed to define the regulation mechanism of thin-filaments.
Myosin heavy chain isoforms in vascular smooth muscle cells have been extensively investigated. Above all, one of the isoforms of nonmuscle type, the molecular weight of which is known to be 196 kDa, is regarded as an important molecular marker for vascular development and atherosclerosis (Aikawa et al., 1993 As both contractile and proliferative abnormalities of SMCs are considered to be major causes of disease, cultured SMCs could be regarded as diseased SMCs. Therefore, it is important to find the conditions which reverse SMCs in synthetic phase to contractile phase.
Together with any finding of previously unrecognized contractile regulatory mechanisms of SMC, the condition, if found, should promise any improved method for the treatment of disease of smooth muscle.
